Abstract: Short-term (hours) biological and biogeochemical processes cannot be fully captured by 1 the current suite of polar-orbiting satellite ocean color sensors, as their temporal resolution is limited 2 to potentially one clear image per day. Geostationary sensors, such as the Geostationary Ocean 3 Color Imager (GOCI) from the Republic of Korea, allow the study of these short-term processes 4 because their geostationary orbits permit the collection of multiple images throughout each day.
Introduction
The study area (GCWS region; blue box) is located over oligotrophic waters to the south of Japan within the coverage area of GOCI (red box). This area was selected because of the assumption that the most of the daily variability is caused by physical factors. The GCWS region covers 433 × 968 pixels, which is equivalent to 100,000 km 2 . Figure taken from Concha et al. (2018) [13].
chlorophyll-a concentration). As part of the l2gen processing, each pixel is masked with different flags 130 that reflect warnings or errors generated during the processing to assure the quality of the data [19] .
131
The atmospheric correction scheme applied to this study was the default algorithm for GOCI
132
(aer_opt=-2) that uses an estimation of the aerosol contribution described by Gordon & Wang (1994) 
133
[20], including a near infrared (NIR) iterative correction by Bailey et al. (2010) [21] and a suite of aerosol 134 models developed by Ahmad et al (2010) [22] with selection that is dependent on relative humidity 
Data screening

142
For the analysis of uncertainties described in the next sections, we chose to use a single value 143 that represents each L2 product: the filtered mean. To ensure a good quality of the data used for the 144 analysis, an exclusion criterion (filtering) that is based on [19] was applied for the calculation of this 145 filtered mean (Figure 2 ), and it is described as follows. In order to avoid the effect of outliers in the 146 calculations, the following screening criteria were applied for selecting the pixels within the GCWS 147 region to be used for the calculation of the filtered mean:
148
(Med − 1.5 * σ) < X i < (Med + 1.5 * σ)
149 where X i is the i th filtered pixel within the GCWS region, Med is the median value of the unflagged 150 pixels, and σ is the standard deviation of the unflagged pixels. Then, the filtered mean was calculated:
where NFP is the Number Filtered Pixels, i.e. the number of unflagged values within Med ± 1.5 * σ.
Note the difference with Equation 4 in [19] , in which the mean of the unfiltered data was used instead 154 of the median, as in this case. The use of the median value for the calculation of the filtered mean 155 minimizes the influence of outliers.
156
A coefficient of variation (CV), which is defined as the standard deviation divided by the mean, is 157 calculated for the R rs in the blue and green bands and the aerosol optical thickness at 865 nm product 158 derived for each L2 file. Then, the median of all these CV values for each L2 file is recorded (Med[CV] ).
159
Then, only L2 products with an associated (Med [CV] smaller than 0.25 (25%) were used for the 160 uncertainties analysis. Also, to have statistical confidence in the filtered mean value, NFP is required 161 to be at least a third of the number of total pixels in the GCWS region (i.e. NFP ≥ NTP/3 = 139, 714)
162
for the L2 product to be considered in the analysis. This is equivalent to stating that at least a third of 163 the area of the GCWS region has valid pixel values associated with it. Both of these thresholds, the 
171
Select L1B file to be processed to L2 Process to L2 using l2gen:
-Extract ROI -Atmospheric Correction Exclude flagged pixels In addition to the R rs products, three more bio-optical algorithms were used to study uncertainties 173 in diurnal variabilities using GOCI. Two of them were the default global algorithms found in
174
SeaDAS/l2gen, and the third one is a CDOM absorption retrieval algorithm currently under testing. The standard Chl-a product produced by the OBPG blends two algorithms. Briefly, the CI algorithm for GOCI has the following form:
and the standard OCx algorithm has the form:
where the coefficients a 0 , ..., a 4 are sensor specific. For GOCI, the bands used for the OC2 version are The standard algorithm to retrieve the concentration of particulate organic carbon (POC) is based on an empirical relationship between in situ POC and blue-to-green band ratios of R rs [25] . This algorithm uses the 443 and 555 nm bands for GOCI:
3.3.3. Chromophoric Dissolved Organic Matter Absorption Coefficient at 412 nm (a g (412)))
193 Mannino et al. (2014) [26] developed an algorithm for the retrieval of chromophoric dissolved organic matter (CDOM) absorption at 412 nm (a g (412))) over water along the northeastern U.S. coast. This algorithm was initially implemented for SeaWiFS and MODIS Aqua and now it is included in l2gen as ag_412_mlrc for testing. It is based on field measurements collected throughout the continental margin of the northeastern U.S. from 2004 to 2011. This algorithm involves a least squares linear regression of a g (λ)) with multiple R rs bands within a multiple linear regression (MLR) analysis. The bands used in this case are the 443 and 555 nm bands. This algorithm takes the following form: Subtropical Gyre (NPSG) [18] . 
Temporal Homogeneity
211
The primary assumption for this work is that the water over the GCWS region remains temporally 212 and spatially homogeneous over short periods of time, i.e. the optical properties of the water do not 213 change considerably during the daytime nor from day-to-day due to biological or biogeochemical 214 processes. Three-day sequences and diurnal statistics were used in order to test this assumption.
215
First, one three-day sequence is provided as an example, and then, all three-day sequences are 216 used to obtain a quantitative estimation of both the diurnal and the day-to-day variability. Under ideal sequences supports the applicability of such observations from geostationary orbit to study ocean 228 processes in more dynamic areas.
229
As an example, a three-day sequence is shown in Figure 5 (September 1 st -3 rd , 2015) to present a 230 specific case of the diurnal and day-to-day variability for the R rs (λ) and the Chl-a, a g (412), and POC 231 products. The data were grouped by time of the day (color coded). In this particular case, the diurnal 232 variability for all products is greater than the day-to-day variability for the individual local times 233 for most times. For instance, for R rs (412), the difference between the maximum and minimum for 234 September 1 st , 2015 is greater than the difference between maximum and minimum among the three 235 days (September 1 st -3 rd , 2015) for the 9:00 local time, and the same applies for the rest of the times.
236
In order to have a quantitative estimation of the diurnal and day-to-day homogeneity for all cases, 237 statistics were calculated for all such three-day sequences. We use the percent coefficient of variation 
Figure 3. Time Series and histograms for the GCWS region. The complete GOCI mission was processed to Level-2 and a filtered mean was calculated for each image over the GCW region. The data are color coded by time of day in local time. Labels are summer (su), fall (fa), winter (wi) and spring (sp). The histograms show the total number (N), mean, maximum, minimum, and standard deviation (SD) of the values that passed the exclusion criteria. We observed that the mean and SD for CV[%] 3-day remain similar for all times of the day, for all 246 bands and for most products. Also, the mean for CV[%] 3-day is less than 10% for all times of day for all 247 products, indicating that the day-to-day variability (at least within the confines of the daytime period 248 that GOCI observes) is small. No information is available between the last GOCI observation of the 249 day and first observation on the following day to evaluate variability during that time period. Because 250 the day-to-day ( daytime) variability is small, we expect the diurnal variability to be small. If that were 251 not the case, i.e. a significant diurnal variability occurring, then the day-to-day variability should be 252 significant, as well. From the previous analysis, we demonstrated that there is minimal day-to-day and 253 diurnal variability, and therefore, the water over the GCWS region is homogeneous in short periods of 254 time. However, the region of study also exhibits seasonality, as expected, which is reflected in the time 255 series of §4.1. Table 1 . The diurnal variability was quantized by calculating the diurnal mean and standard deviation (SD) for each day. The analysis was performed for all the data and for only summer, when there is the smallest variability in the water properties. Two times the mean of diurnal SD (2 × SD diurnal ) for summer (in bold) is considered the uncertainty associated with GOCI sensor. The root mean squared error (RMSE) from the AERONET-OC data is shown for reference. (g) Figure 6 . Diurnal variability in R rs and biogeochemical derived products in terms of CV[%] 3-day for the 96 three-day diurnal sequences of the GOCI-derived products. Minimum (upper dashed line), maximum (lower dashed line), mean (solid black line) and standard deviation (SD) (shaded area). Figure 7 ). 
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Products versus solar zenith angle
306
The variability in R rs and the Chlor-a, a g (412), and POC products versus SZA by season and time
307
of day was investigated to assess the extent to which imperfect atmospheric correction models due 
312
This is an indication that the atmospheric correction model seems to adequately account for solar 313 geometry effects, even at extreme SZA.
314
Summer is fairly uniform with very narrow variability for all products, meaning the water is fairly Figure 7. Mean of the relative difference R∆ t [%] with respect to the value at 13:00 hrs for R rs (λ) and (g) Chl-a, (h) POC and (i) a g (412) for all data (blue) and for only Summer (red). The value at 13:00 hrs was selected as a reference because it resembles the NASA heritage sensor acquisition time and solar geometry. Error bars represent one standard deviation (SD). The number of observations used for the statistics annotated above the error bars. 
Summary and Conclusions
324
This present study provides an estimation of the uncertainties associated with the study of 325 diurnal variability using the GOCI instrument over a homogeneous study region. The sources of 326 these uncertainties could be from the instrument (e.g. radiometric noise), from the solar and viewing 327 geometry (e.g. SZA), or from processing and algorithms.
328
R rs and biogeochemical products (Chl-a, CDOM absorption at 412 nm, and particulate organic improved the results dramatically.
335
The temporal and spatial homogeneity of the study area was demonstrated through different 336
analyses. This was a first critical step for posteriorly assessing the uncertainties. First, three-day 337 sequences were used to quantify day-to-day and diurnal variability. This analysis was performed by 338 time of day. Even though an expected significant seasonal pattern can be seenis observed when all the 339 data for the region are shown, this analysis demonstrated that the diurnal and day-to-day variability 340 on of the products is much lower or very minimal compared to the overall mission whenfor the 96 341 three-day sequences are studied compared to the overall mission. It was shown that GOCI R rs and 342 derived products are similar from the first day to the third day (day-to-day) for each time of day for 343 all bands with a mean of the percent coefficient of variation for the three-day sequences (CV[%] 3-day )
344
smaller than 10% for all products and bands and for all times of day ( Figure 5 and Figure 6 ). constant oceanic atmospheric conditions. Therefore, the changes in water properties retrieved by 363 GOCI should at least be greater than 2 × SD diurnal to be considered a change in water properties due 364 to biological, physical or biogeochemical processes.
365
Overall, the relative difference with respect to the value at 13:00 hrs (R∆t[%]) are less than 10%
366
for all products except the R rs (680), and there is no indication of skewing of the diurnal variability by seasons and by time of day, no trend was observed. Summer seems to yield the best data to work 372 with for evaluating GOCI in this study area because of the very narrow variability for all products.
373
Spring is more variable in the Chl-a levels, as a consequence of phytoplankton production (Figure 8 ).
374
The same behavior can be seen for a g (412) and POC. From these two analyses, it seems that the time of 
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We acknowledge the fact that some diurnal variability occurs in the GCWS due to biogeochemical 381 or biological processes, and these changes are not included in our analysis. However, we believe that 382 this variability is minimal, especially in summer, and the GCWS is homogeneous in time and space 383 with no diurnal trend.
384
As a general conclusion, the diurnal variability estimates determined in this study provide a 385 guide as to the minimum value of diurnal change that must be observed to overcome uncertainties in 386 instrument radiometric noise and algorithm processing. Our future work will apply these results to 387 estimate changes in diurnal and day-to-day biogeochemical stocks and processes in coastal oceans 388 using GOCI. 
